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FLI&ET TESTS OF AN ALL— MOVABLE VERTICAL TAIL 
ON THE FAIE CHILD XB2K~1 AIRPLANE 
By Harold F. Kleckner 



SUMMARY 



Flight tests have "been completed of an all— movable 
vertical tail of reduced area on the Fair child XR2K-1 
airplane. Results are in general agreement v/ith the re- 
sults previously obtained with a larger all-movable tail. 
The range of practical hinge positions and flap— linkage 
ratios was explored in particular. It was found that 
restr ict ions to the rearward placement of the hinge were 
necessary to avoid small-amplitude snaking oscillations. 
Several advantages of the all— movable tail continue to 
be evident: greater effectiveness, predictable and easily 
adjustable hinge— moment characteristics, and rudder stall- 
ing delayed to larger angles of sideslip for an airplane 
v/ith rudder— fixed weathercock stability. 



INTRODUCTION 



The theory of operation of an all-movable tail sur- 
face and the results of preliminary flight tests of an 
all— movable tail on the Fairchild XR2K-1 airplane are 
given in reference 1. The flight tests of the all- 
movable type vertical tail have been continued in order 
to study the effects of a marked reduction in the verti- 
cal—tail area with the sane airplane. 

The second tail was expected to decrease the direc- 
tional stability of the airplane to the point where com- 
plete stalling of the all— movable tail would occur in 
sideslips and permit the study of its behavior under the 
stalled conditions. In addition to the study of the 
tail— st ailing characteristics, a study was planned to de- 
termine, insofar as possible, the practical limits of 
hingo position and flap— linkage ratio. The present re- 
port describes the results of these tests. Subsequent 



additional work was done. in studying the small— amplitude 
rudder oscillations obtained under certain conditions, 
but detail results of these tests are not yet available. 



SYMBOLS 

It v. r ill "be noted that the symbols used in reference 
1 for flap deflection (i) and rudder deflection ( 8 ) have 
been changed in this paper to the iTACA standard notation 
6f and 6 r respectively. 

c mean aerodynamic chord of tail, inches 

c& section drag coefficient 

cj section lift coefficient 

C ii c /A section p it ch ing— moment coefficient 

C- h rudder hinge— moment coefficient ( — —at ) 

u \q. s t c / 



Cl rudder lift coefficient 

h co distance betv/een hinge point and aerodynamic 

center of all— movable tail, fraction "c 

hg^ distance betvreen hinge point and center of pres- 
sure of lift due to flap deflection, frac- 
tion "c 

H rudder hinge— moment , inch— pounds 

lu moment of inertia about Z axis, slug feet 2 

q dynamic jjressure at tail, pounds per square foot 

q 0 free— stream dynamic pressure, pounds per square 

foot 

r angular acceleration about Z axis, radians per 

second per second 

R Reynolds number 
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S t conventional fin and rudder area, square feet; 

all— movable tail area, square feet 

^ a o section angle of attack, degrees 

V a e effective angle of attack of tail, degrees 

a t angle of attack of vertical tail, degrees 

oa 0 /oSf relative effectiveness of flap on all-movable tail 

da 0 /o8 r relative rudder effectiveness 

Sf deflection of flap of all-movable tail, degrees 

°r deflection of conventional rudder, degrees; de- 

flection of all-movaolo tail, degrees 

n rudder floating ratio (C ha /C h& J 

% ■ ^ L /oo r 
°r 

c h. = oCi,/So r 
c h a " oC b /oa t 



SAIL CHARACTER IS 97 ICS 

Tike second all-movable vertical tail (firs, 1 to 4) 
was Similar to but was one-half the area of the tail sur- 
face described in reference 1. The characteristics of 
the second tail are as follows: 

Firced area (fuselage extension, 

fairing), square feet 1<>3 

Movable area (including flap area), sauare feet* ! ] 5*8 
Flap area ( 19 percent of 

movable area), sauare feet 11 

Aspect ratio o q 

Ta-per ratio i c!i 

tf * — 1 . o : 1 

wean aerodynamic chord, c, inches 17 8 

Airfoil section HAoi 65*3-018 
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The section characteristics of the NAOA 65,3-018 
airfoil are given in figures 5 and 6 9 Figure 5 is taken 
from reference 2, Figure 6 is from unpublished data 
taken in the NAG A lew— turbulence tunnel. 

The tail v/as cf wood construction, plywood covered, 
with "ball hearings at the main hinge. Provision was made 
for hinging the tail at any point between 0.26"c and 0,35"c. 
The flap was hinged at 80 percent cf the airfoil chord 
and sealed with 0.008— inch sheet rubber. The method of 
actuating the flap was the same as that described in ref- 
erence 1 with a wide range of deflection ratios 8f/8 r 

available. Incorporated in the second tail for trimming 
was a unit to change the initial setting of the flap. 

During the course of the tests several minor modifi- 
cations were made in the tail arrangement, as follows: 

1. In order to reduce the control friction for 
rudder— fr oe tests, the rudder cables were slacked and a 
bungee was used at each cable to keep the slack at the 
tail end of the system. The arrangement permitted the 
pilot to use the rudder , yet removed the friction cf the 

••pedal and cable system for approximately 8° of right and 
left rudder movement; the friction was thus reduced from 
about 30 inch— pounds to 5 inch— pounds (static moment about 
the rudder hinge line). 

2. For two flights, weight was added forward of the 
hinge. This added weight changed the mass balance to 
about 50 inch— pounds of overbalance and put the center 
of gravity of the tail at 0,20c, 

3. In order to obtain a small value of (X^ n with- 
out using an excessively low flap— linkage ratio, a 
partial— span flap was used on the tail for one flight « 
The original flap ( fig* 4(a)) v/as cut in two , and the - 
upper half was fixed. (See figs. 3 and 4(b).) The char- 
acteristics of the tail in this revised form are as follows: 



Flap span (46 percent of tail span), inches 
Flap area (10 percent of 

movable area), square feet 



25 
0.6 
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TESTS 



The tail configurations covered in the flight tests 
are summarised in table I. 

Measurements were made with 1TACA recording instru- 
ments of indicated airspeed, yawing velocity, angle of 
sideslip, control position, and rudder force. The test 
data- presented were obtained in the gliding condition, 
but in all cases tests were also made with power on. 
Huns were made- at approximately 60 and 85 miles per hour 
indicated airspeed; corresponding Reynolds numbers for 
the tail were about 800,000 and 1,000,000, respectively. 

The tests were of five types: steady sideslips, 
rudder "kicks," lateral oscillations, aileron rolls, 
and straight flight runs. Per the sideslips and rudder 
kicks, a flap-linkage ratio 8f/8 r of 2.2 was used. 

The value of the linkage ratio taken is the slope through 
zero of the curve of the variation of flap deflection 
■with main surface deflection, and the value 2.2 is the 
linkage ratio used with the first all-movable tail. (See 
fig. 16, reference 1.) The sideslip records were obtained 
as the sideslip was slowly increased from zero to the 
maximum. The rudder kicks involved abrupt rudder deflec- 
tion with the stick held fixed in the trim position. 

The lateral oscillations were of two tyoes. One 
typo was started by applying and releasing the rudder 
with the stick held fixed. The second type was made with 
the rudder free by abruptly applying the aileron control. 

Aileron rolls were made to investigate the direc- 
tional stability and tail stalling characteristics. The 
maneuver consisted of applying abrupt aileron deflection 
to the limit of a "stop" and holding that deflection un- 
til the maximum angle of sideslip was obtained. The 
amount of aileron deflection was limited to give reason- 
able amounts of sideslip. The aileron rolls and lateral 
oscillations were made with various flap— linkage ratios 
and tail hinge positions. 

Records of straight flight were made in flights 8 
and 15 to obtain hinge— moment and flap— effect iveness 
data. 
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RESULTS AND D IS CUSS I01TS 



Rudder e ffect i ve ness The maximum yawing veloci- 
ties and accelerations obtained with rudder deflection 
in the rudder kick tests are presented in figure 7. 
The values of yawing acceleration vere obtained by dif- 
ferentiating the records of yawing velocity. To the 
table of reference 1, which is repeated herein, is added 
the rudder effectiveness as determined for the second 
tail: 



iail 


u 


St 




«0 




?L 5r ! 




Original 


1660 


IS. 7 


0.80 


9 .5 


0 . 025 


0.027 


0. 034 


Large a 1 1 — m o v a b 1 e 

tail of reference 1 


2080 


11 . 6 


.85 


10.0 


. 050 


.075 


. 045 


Second, ail-movabl e 
tail 


1G90 


5.8 


.80 


10. C 


. 029 


.079 


.042 



Included in the effectiveness of the all— movable tail 
is the effectiveness of its flap. For the first all- 
movable tail, a value of 0.3 was assumed for 5c, e /c)6f; for 

the second tail (sealed flap), tests indicated a value 
of 0.4. 

Dire ctio nal stability.— The variation of rudder angle 
with angle of sideslip obtained in the steady sideslips 
is presented in figure 8 together with similar results 
from reference 1. The directional stability measured in 
this v/ay was not materially reduced by the change to the 
small tail. Evidently the airplane is about neutrally 
stable dir cct ionally with the tail off. 

The e::tent to which the positive floating ability of 
the tail increased the control— free directional stability 
v/as investigated in abrupt aileron rolls. The results 
given in figure 9 show the sideslip obtained with 12° 
total aileron deflection for various rudder floating 
ratios. The floating ratio r\ ~ Ou / C h is negative 

CO 0 f» 

because 0k t is positive and is negative. The 

"""CO 0 £1 » 

term positive floating tendency arises from the fact that 
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0^ is positive. A positive floating tendency gives a 

negative floating ratio. The method of obtaining the 
floating ratio is discussed subsequently. Curves are 
also shown in figure 9 of the sideslip that could be ex- 
pected theoretically. It is apparent that the floating 
ability of the rudder reduced the angle of sideslip, but 
this reduction was not as great as was expected. The 
principal reason appears in the tine histories (fig. 10-) 
of a typical aileron roll and a small amplitude oscilla- 
tion made in flight 11 with the tail hinged at 0.30c and 
a flap— linkage ratio of 2.35. The floating ratio obtained 
for small angles of sideslip was not maintained for large 
angles . 

Redder— free lateral motion .- The lateral oscillation 
produced by deflecting the rudder and releasing it at an 
angle of sideslip is the type from which the buffeting 
oscillation mentioned in reference 1 can be obtained. 
With the second tail, buffeting was obtained v/ith low as 
well as with high floating ratios if the rudder was re- 
leased at a sufficiently large angle of sideslip. The 
tests confirm the opinion that the oscillation is not 
particularly objectionable because it cannot be produced 
except by this maneuver. 

In flight 5 with the hinge at 32 percent "c and a 
1.9 linkage ratio, a continuous yawing oscillation 
(snaking) of about 1° was obtained with the rudder free. 
This snaking is the oscillation mentioned in reference 1 
that sometimes occurs with a rudder having positive Cv>, y 

and friction. Inasmuch as the all— moveable tail installa- 
tion afforded a ready means of independently adjusting 
Ch a ®kfig* an additional series of tests (flights 

7 to 19) were made to study the snaking problem. The com- 
plete results of the additional tests are not yet availa- 
ble; however, the immediate results o,re given in the 
following table which lists the configurations from which 
snaking resulted. 
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SPlap— linkage 
ratio, Sf/S r 



Plight 



Hinge position 
(percent c) 



Approximate friction 
( in. -11)) 



a 



5 
10 
12 
14 

*1Q 



33 
30 
30 
30 
26 



1.9 

1.05 

1.7 

1.7 

1.5 



5 
20 
5 



a Iiuc.cler nass overbalanced aboiit 50 inch— pounds 
b Half —st) an flap. 



The magnitude of the oscillations was loss 
except in flight 10, when, it was about 6°. 



than 1.5 



The test results indicated that hinge ^ost'tions and 



f lap— linkage ratios that gave a value of 



S6- 



Shu i 



0.7 



could "be used with the second all—movable tail without 
e::per ioncing snaking. However, some normal lateral oscil- 
lations of the airplane that were produced with about 



this value of 



Oh, 



^r C h 



did not satisfy the require— 



ment of reference 3, that the oscillation should damp to 
one^-half amplitude in two cycles. A second requirement 
of reference 3, that any oscillation of the rudder shall 
have disappeared after one cycle, was not satisfied when 
the rudder was given a high floating ratio. In the 
present tests no particularly undesirable effects were 
noted when oscillations of the rudder contintied after one 
cycle if the oscillation of the airplane was sat i sf act o— 
rily damped. Tests were made, however, only in smooth air 
condit ions. 



ga.il „. at ailing Partial stalling of the tail was ob- 
tained in steady sideslips. Complete stalling of the 
tail was obtained in rudder kicks from a sideslip and 
with rudder free in aileron rolls. Ho adverse effects 
were encountered. A time history of a typical .aileron 
roll made with rudder free in which the tail stall oc- 
curred is presented in figure 11. The record shows that 
the rudder started to float against the sideslip, stalled 



0 



at about 2? seconds, and remained stalled near neutral 
as the sideslip passed a mximunu The pilot resumed con- 
trol at about 5-Sf seconds. There is no evident tendency 
for the rudder to start oscillating "between the stalled and 
the unstalled conditions as it does when released in a 
sideslip . 

Rudder hinge moments It is apparent t h a t a wide 

range of rudder force characteristics can he obtained by 
variations in the tail hinge position and flap— linkage 
ratio. An attempt has been made to correlate values of 
hinge moments calculated by means of simplified formulas 
with the hinge moments measured in flights 3 and 13, 
which were straight flight runs with varioxis trim settings 
(various values of at and Sy). 

It is convenient to consider the hinge moments in 
terns of the lift or normal force acting on the tail. 
If the lift due to angle of attack of the tail acts at 
the aerodynamic center and the lift due to flap deflec- 
tion acts at some fi::ed point, the following relations 
ar e app&r ent : 



ca 

L a V 0 * d6f 



(1) 



C h r 



°L a h a 



(B) 



floating ratio w r\ « — = — (4) 

c h 5 8 f oa e 

In these relations the contribution of the flap hinge 
moment about its own hinge is neglected. 

The floating ratios obtained with equation (4) were 
in agreement with those indicated in the rudder— free os- 
cillations when the aerodynamic center was assumed to be 
at 0.23c and the center of pressure of the lift due to 
flap deflection was assumed to be 0.50c. It follows then 
that 
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h a m (hinge position - 0.23c) (5) 
hg = (0.50c - hinge position) (&) 

where the hinge position is in chord lengths "back of the 
leading edge. 

For the first hinge— moment calculations, values of 
4/<j 0 = 0,8 and = 0.042 obtained from the rudder- 

effect iv enes s calculations were used in equation (l). A 
comparison with the measured values is given in figure 
12(a) in which the calculated values are seen to "be lower 
than the measured values. Better agreement was obtained 
when it was assumed that <lAl 0 = ^.9 and, from figure 3 

of reference 4, C T = 0.53 for a tail aspect ratio of 

2 C 9 if the gap at the "bottom of the tail was assumed to 
eliminate any end— plate effect from the horizontal tail. 
The correlation for this case is shown in figure 12(h). 
The results indicate that hinge moments for the all— 
movable tail can "be predicted with sufficient accuracy 
for the present by the simple relations established above* 

The values cf 0^ indicated "by the yawing accelera- 
tions are lower than those indicated "by the hinge— moment 
analysis and "by reference 4. The most logical explanation 
for the disagreement appears to he the experimental error 
in the determination of yawing accelerations. 

future re search .— The all— movable tail continues to 

show promise as a means of improving the directional con- 
trol of aircraft. The greater effectiveness of the tail 
may permit some reduction in the size of tail surfaces. 
If sufficient tail area is used to give rudder— fixed, 
weathercock stability, the all— movable tail will increase 
the angle of sideslip at which tail stalling occurs. The 
availability of hinge— moment adjustment "by means cf the 
hinge location and the flap-linkage ratio offers the op- 
portunity to obtain reduced rudder forces. 

It is planned to continue the research with tests 
of an all—movable vertical tail on a pursuit— type airplane. 
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CONCLUSIONS 



WTOp the results of flight tests of an all— movable -• 
vertical tail of 5.8 square feet area on the Fair child 
XR2E— 1 airplane, the following observations can "be made: 

1, The tail characteristics wore considered satis- 
factory over a normal range of hinge positions and flap- 
linhage ration . 

3t She floating ratio of the tail was lower at large 
angles of sideslip than at small angles; as a result, the 
increase in directional stability with rudder free was 
not as groat as was expected, 

3, Close control over the floating ratio of the tail 
was necessary in order to avoid continuous yawing oscil- 
lations of small amplitude (snaking) and to insure satis- 
factory damping and rudder movement in rudder— free lateral 
os oil 1 at ions . 

4 a Stalling of the tail was obtained in rudder kicks 
and aileron rolls and was apparent to the pilot only 
through observation of tuft action on the tail. Complete 
stalling was not obtained in steady sideslips as the sideslip 
angles obtainable with full rudder were insufficient to 
stall the tail. 

5 e ileasured hinge moments were in agreement with 
hinge moments calculated "by simplified relations "based on 
the lift acting on the surface. 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Pield^ Va 0 
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TABLE I 



RESUME OF TESTS 



f 

Plight 


Hinge 
posit ion 
( per cent c) 


J lap 
1 inkago 
rat io, 
6f/8 r 


1 

! Approximate 
f i- i ct ion 
( in. -lb) 

i 


1 


27 


1.5 


20 




27 


1.5 


20 


3 


27 


2.2 


20 


4 


SO 


2.2 


20 


5 


30 


2.2 


5 


6 


52 


1.9 


5 


7 


3 2 


3,9 


5 


8 


27 


2, 0 


20 


9 


30 


2.35 


20 


10 


30 


1 , 05 


20 


11 


30 


2,35 


5 


13 


30 


1 , 7 


5 


a 13 


30 


1 t 7 


20 


a 14 


30 


1 . 7 


5 


15 


30 


5.3 


5 


IS 


30 


3.3 


10 


17 


30 


1.5 


5 


13 


27 


1.0 


5 • 


*19 


25 


1 = 5 


5 



er mass over— 'balanced . 
^Half-span flap. 




Figure 2.- Second all-movable vertical tail with full-span flap 




Figure 3.- Second all-movable vertical tail with 
half -span flap. 
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Figure 5. 



8ectlon lift coefficient, c 2 



Section characteristics of the NACA 65,3-018 airfoil section. (This figure is taken from reference 2 
The symbol o is for values at which R = 6 X 106.) 
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Jig-are 6.- Section lift characteristics of trie RIGA 65,3-018 airfoil 
section at low fleynolds number. Data from 2'ACA two-dimen- 
sional low-tur oulence tunnel. 
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Figure Variation v/ith rudder floating ratio of the angle of 

sideslip obtained in aileron rolls of 12° total aileron 
deflection, Fairchild XH2K-1 airplane with all-movable vertical 
tail area of 5.8 square foet. 




Vigors 10.- Time histories of an ailoron roll and a lateral oscillation. Faircaili XR2K-1 airplane with 
all-movable vortical tail area of 5.8 square feet. 
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Figure 11.- Time history of an abrupt aileron roll. Fairchild XR2X-1 airplane with all-movable H 
vertical tail area of 5.8 square feet. 
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figure 12.- Correlation of measured and calculated hi»ge moments. 



